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(54) Title: MARTENSITIC STAINLESS STEEL TUBE 
(54) h^Xi^VUXSHS 

(57) Abstract: A martensitic stainless steel tube being excellent in the resistance to stress corrosion cracking in a heat affected zone, 
which has a chemical composition, in mass %, wherein C: less than 0.0100 %, N: less than 0.0100 %, Cr: 10 to 14 % and Ni: 3 to 
8 %, or, further suitable amounts of Si, Mn, P, S and Al are contained, and further one or more of Cu: 4 % or less, Co: 4 % or less. 
Mo: 4 % or less and W: 4 % or less and one or more of Ti: 0.15 % or less, Nb: 0.10 % or less, V: 0.10 % or less, Zr: 0.10 % or less, 
Hf: 0.20 % or less and Ta: 0.20 % or less are contained in such a manner that Csoi defined by C^oi = C - 1/3 X Cpre is less than 0.0050 
%, where Cp^e = 12.0{Ti/47.9 + l/2(Nb/92.9 + Zr/91.2) + l/3(V/50.9 + Hf/178.5 + Ta/1 80.9) -N/ 14.0}, provided that Cp^e = 0 is taken 
when Cpre < 0. The martensitic stainless steel tube may further contain one or more of Ca, Mg, REM and B. The above composition 
allows the prevention of the grain boundary stress corrosion cracking appearing in a heat affected zone. 

(57) j§S^»#t|5<Z)iWtft#|£*)a:ft*IJ+LttlcS+LfcV;UT^>-9--r h ^Xt^ > UXSPil= ^tiSf -So *<*fi<J« 

St^lSlix mass%-es C : 0.0100%*jSs N : 0.0100%5|^a^ Cr : 10~14%, Ni : 3 ~ 8 %^ fc-S LM* $ & Ir ^ Si, 
Mn. Al^jliEl5H<!: Ls tS t>ICCu : 4%)JJ.T, Co : 4%felT, Mo : 4%]ikTs W : 4 %)ilTCD 3 *> (0 

O 1 ®W-t.s fccfelXTi : 0.15%JMT, Nb : 0.10%J4J.Ts V : 0.10%JslT, Zr : 0.10% JiiT. Hf : 0.20%jy.T, Ta : 0.20% 
<S JilTO) -5 *>(/) 1 Csol= C-l/3xCpre (ZZ-e, Cpre=12.0 {Ti/47.9+1/2 (Nb/92.9 + Zr/91.2) +1/3 

O(V/50.9 + Hf/178.5 + Ta/180.9) -N/14.01 , ^Efc\ Cpre< O (7)Jsi^l±, Cpre= O i: f -S ) "^^S ^ Csol 
. 3!i<0.0050%5fe5Si5$'5SIS-*'-5J:'5lc, ^^-T-SiiSiJSt f -So $e>lc, Ca, Mg, rem, B(D5^(» 1 «Jsl-t$-$*L-C 
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4 

« tr^^ -rSM (Rl ^^.toTV^So 

u:^mti^M'&^inX\^^^, MT&Xi-i. CO2 ^#*t-«)5c^;{f;=^^ o^>r>'^'«-r:7'ibT-^ 

:i(DXoti:mm^^M\^. mK.\t. #§B^9-316611 C:0.02%&.y ^ N: 

0.07%£>lT(-(SMt"Si:i:^5t-> Cr, Ni, Mo fi^C*i<Dgi#T% ^fc. Cr. Ni, Mo ft^ 

^:^y'>'V':^mm\-i. mm.mfj^u^';^. ms^^tsm^m^'i^. ^Si4> i^mst^^jj: 
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OSOtbtt. *fe#fiJix^Mt'5wi^i^, ^^lt>:fjM^W\t\^{ Intergranular Stress 
Corrosion Cracking) (£i T . IGSCC ir^jV^p)!:'^^ tJt ^ ^tbTV^5„ 
ClOip^'iR Ji^^<^HAZi:::^4fe-f--5. IGSCC ^B5it■t"6i-^i^ 600~650°C-C3~5 

5-i:^^<.C02 Sr-a ^-rS^^TTHAZO IGSCC ^rESih "C^S. -^/^7^^i^'1'^^;^x 
1= ;5s g M $ ixT V ^ 5 „ 

Pim^^U(DHAZX^^ir^ IGSCC 0|g^feii:Ht-OV^T^^#3*£UfCo ^CO^:!:. 

S*^'^^5^f^-rs^^k^^:elS^^^©f^1^>r^/^^c:J;^)— H.SJtetf ^(D^(D 
Cr X^m^^M^^f^^^tiii>. IGSCC ;6S|S^-t-S-^:^5i?#iti?>fCo 

^'T/i'F^.eMc^^^T-'fc IGSCC icm.^:it^^i^x M^iUL^r^io 
:i<DXoti::iti^h.^?^m^hn. IGSCC ^BSJh-rs^*{-fis IB;*-— ;^v^-^-f hJ^^ 
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i^ff^^TC^^SsjDPb.Cr ^{bi^Off^ fife }C^5afCf^^i-5^^@^C*C sol ^ 

(l)mass%T'. C : 0.0100%*?^. N : 0. 0100%7|^M. Cr : 10~14%. Ni : 3 — 

8 % ^ . ^ ( 1 ) ^ 

Csol= C — 1/3X Cpre (1) 

( C^IT?. Cpre=12. 0 {Ti/47.9+1/2 (Nb/92.9 + Zr/91. 2) +l/3(V/50.9 
+ Hf/178. 5 + Ta/l80. 9) -N/14.0}, C. Ti, Nb, Zr. V Hf . Ta. N:^ 
7n*0"^=t^ (mass%)o ^ii^ . C pre< 0 O (4 . C pre = 0 -f" S „ ) 

(2) (1) iC^oV^T, HUfaiafife;65. mass%-C% C : 0. 0100%7|^^ . N : 0. 0100% 
7^^, Cr : 10~14%, Ni : 3 ~ 8 %. Si:1.0%ji;T, Mn:2.0%£iT, P:0.03%ij;T, 
S:0.010%i^T, Al:0.10%J^iT^^^, ^ I- Cu : 4%^T, Co: 4 % T > Mo: 

4 %i^JlT. W: 4 %JJiT<^ 5 ■b;a=>^3l(^i^fc 1 ttX(i2@j^Ji. joitJ? Ti:0. 15% 
JiiT. Nb : 0. 10%£iT. V : 0. 10%.e;T. Zr : 0. 10%jiiT, Hf : 0. 20%£/.Tx Ta : 

0. 20%J^ATc^ 5 ^;ei=»p3jl(^ixfc ia*fcf^:2a^_b^. gtilB (1) ^"e^a^ti. 

6 Csol -b^ 0. 0050%7l^^^?gSJ£-^^ J; 9 -^^b^ aifB Fe *5 iU?^ RTj^fi*]^ 

(3) (2) ^C*5V^T. HUlSm^l^;!3P^T $ e> mass%X'. Ca : 0. 010%^^^ T> 
Mg : 0. 010%J^;T. rem : 0. 010%J^iT. B : 0. 010% i^; T O 9 ^ b H fcl ^ 

(4) (l)t;ii3V^T, HUiaiafifedS^ mass%-e, C : O. 0100%?!^^, N : 0. 0100%^Yll. 
Cr : 10~14%. Ni : 3 — 8%, Si : 0.05~1.0%, Mn : 0.1 — 2.0%, P :0.03%Jii.T, 
S:0.010%ij;T, A1:0. 001 — 0.10%, V : 0.02 — 0.10%, Ca : 0. 0005 — 0. 01%, $ b 
Cu : 4 %iijLT, Co : 4 %i^XT, Mo : 4 %i^iT, W : 4 %iiXTf7> 9 ^il* b 51 1^ tb 

1 2 tute ( i ) ^-e^* § tu^ c soi ti^ o. oo5o%7i^^^ri^-r 
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(5) (4) ^CioV^T, HfifBM^iCi3P;tT § b . mass% . Ti : 0. 15% i^. T . Nb : 0. 10% 

Zr : 0. 10%£iT, Hf : 0. 20%i^>tT. Ta : 0. 20%}^f (D 0 b 31 ^^ fc 1 

Wo 

(6) (l)7^ev^b(5)ov^-ri^^^^i3V^T. ^-T "CfeS ^ ^ i-TS ^ /V 'T^ > 

(7) (l)^£V^u(6)ov^■r^^-5^^:llSifeo•^/^x h ■t" 

■ 

¥i:::%tiai-o 

C:0.0100%7fei§ 

UT^tBUT Cr j^^^Jf^fifef^mStJ^CSC^. 0.0100%7t^^ (cK^-TSo 0.0100% 
£X-b^^-r6i:, HAZCDIGSCC^E;5-lh-r'5:ii:;65Slli^.^5o ^U<{* 0.0050% 

Ji|HbfcC^*4^ia F^ibfc5;t-e^^(z:. ^^@^C»Csol 
0.0050%7|5?^i:?^e-5J;9i-^7c*"^=fi-fi:^PS-r5o ::i^^-J;!9^ Cr ^ S o ^ ft] 

$iJ$tL, HAZOIGSCC^^K6^(Cftl^Ji?#So r||M6*J{Cft]fiJT't-5Ji:f*. — JIS 

(Fy;t}S, A^:10kJ/cm OTIG^^) -e^^$tl.fc^^M^;6S, ^-Yi^^-^" 
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4^tl.Xmm^tl^ — ^ffO^£^mmMT (^Jxfi, CO2 J±:0.1MPa. ?K^a:100t;, p 
H:4.0 (D5%NaCl tR^I^) TIGSCCtr^ ;3feU/£V^r^:^« ^fe-TSc 

Csol = C — l/3XCpre (1) 

^-ti>CM^M^i.. ±Cm7!)^h.m^^\^^^tmm^5vm TU Nb, Zr, V. Hf, Ta tU 

So Cpre {4. (2)^ 

Cpre = 12.0{Ti/'47.9+l/2(Nb/92.9 + Zr/91.2) + 1/3 ( V /50. 9 + Hf / 178. 5 

. +Ta/180.9) —N/14.0} (2) 

(rrX-. C. Ti. Nb. Zr. V, Hf. Ta. N : #7C*<^-^^i (mass%)) 
X^^^iV^h(DXhK). Cpre< OCO^-^ti. Cpre = 0i:i-5o T'cfciS, Cpre Off^fCl^U 

llillS;i:^^'^UT. :^^mX^mir^Ci>re Xii. Nb, Zr CD^:^(4 Ti <D 1/2 tU. V. 
Hf, Ta (Om^n Ti O 1/3 tVfCo ^fc^ ^^mXi-iN^r^m-r^tcib . Tu Nb, Zr, V. 

Hf, Ta i-imxi^xMitm^m^-r^. :i(^fcit>.^^m-r:'mm-r^cpre x\t.m.^tm 

M^i^^-^-t^ Tu Nb, Zr. V, Hf. Ta +S ^ ^^MU^I V^fc?l^^:U-CV^5o '^75:^ HAZ X 

(D Cr x^mm^t\^^o^^m^mxh^^t^^m.-t^t. cr mi\:.m&.^<Dm.itm^ 

m^i. Cr m.i):L^<Dm^^Vi±X^^^^fii. Cfi(4, Cpre O 1/3 -Cfe-5i:^^ofc, 

f^i^. Tu Nb. Zr. V. Hf, Ta (D\^irrih^^\^ti\f^m'k\i. Cpre J4:^^:7jcf9. :^mmx 
{4Cpre = 0i-r5fci6, @^CSCsol = Ci/.?"9> *^@^Cfi;5S 0.0050%*^^?^ 

N : 0.0100%7t5^ 

-C'#Sf£(t<£J^-r5ri;55M^UV^„ -Sfc, N{4. Ti, Nb, Zr, V, Hf, Ta 

m^-r^tc)^. m.itm^J^^\. Cr mt!i^(Om^^^±X^^ lu Nb, Zr, V, Hf, Ta * 

^^m-r^^h\z.ti^^ Cr :5(C^Jl?^J5fe2r«i©JbIGSCC$r«]*J-rS^m^<£T$-&6Ct 
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is, ^^u<f4 o.oo70%iy,T-efc5o 

Cr : 10~14% 

Cr jB?L*^4> ft a -ft: «^ ;^ M * SiJ tuti B 14 ^ fp] ± 

{4 10~14%co^fflt^|5S^UfCo 
Ni : 3 ~8% 

Si : 0. 05~1.0% 

O-a Wl4-e$t*5J:i;?HAZl3tt^^Mk$ii:5o Ciofcfe, Si {4 0.05 — 1.0% tcp^^-TSwi 

Mn : 0. 1~2.0% 

^^|g0jT(4O.l%^±^^t-2.Cli;^»5*f ^LVN, 2.0%i^^x-C-^^bTtj^;f::65^ 
fPi-5o ^(Dfz.}s!)^ Mn t4 0.1~2.0%(^|5S^i--5;ii;dS^Sf ^bV^„ /^jo, J;!3^f ^b<f4 0.2— 

1.2%l?feSo 
P : 0.03%4y>T 

;*:^I^T{4T'#'5fcft{£J^-r6-t^5^^l-V>^S^ 0.03%^Ti4fF^-et'5o -(Z) 
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S : 0.010%eiT 
Al : 0. 001~0.10% 

^{4^SH4^^Mt:^-ii:So ^<^f-*?>. Al }± 0. 001—0. io%{c|5g^i-5:iiids$f ^uv^o ^£*3. 

Cu : 4 %£AT. Co : 4 "/o^Tx Mo : 4 %i^>^Ts W : 4 %£XT(D 5 b^j^tt 
fc 1 SX« 2 a£t_h 

Cu. Co. Mo. Wliv^-ftb'b. CO2 ^-a^-f 5?^^;^';^-^fiiiG^-r 5 7 ^ ^'^-^-r ^ 

PJT?{±51^ LT 1 mx^-i 2 m&.±^ Cr. Ni i: i ici . ^^"T 5o 
Cu : 4 % Jii T 

4%iy,Tco®fflt-PI^-t-5ri:ds$f ^uv^o f£is^x<Otii-^V<\i i.5~2.5%T-fc2>o 

Co : 4 % T . 

(^fc*, Co {44%^T<^^ffl^^:PI;^-r5:lt^s^^UV^o ^U<f4 1.5—2.5% 
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Mo : 4%&.T 

^b{-^^U<}4 1.5~3.0%-efe5o 
W : 4 

— ^> 4%fr®;t5-^=t(t, :73i7-i'h^^^U^-r<1-5)fctt5(-, » fiiit -ft: ^ ;^ M fij 
^(Dfz.^^ W}i4%iiiT«^^ia(-PS^1-5::i:ds^f ^UV^o ^ie^s, J;i9&*b<(t i.5~3.0% 

Ti : 0. 15%ii;T. Nb : 0. 10% ^.f . V : 0. 10%&.T . Zr : 0. 10%i^T, Hf : 0. 20% 
HikT . Ta : 0. 20%&.T <D 0 Hi^ hmUi^\.t^ 1 @ * fc 2 

Ti. Nb. V. Zr. Hf. Taftv^-rtu'ii. ^it^M ^y^mx^h^ . lU^tcitzmsi ±^m^ 

UT-a-^-rSo Ti, Nb. V. Zr. Hf. Ta ^iV^-f tits, Cr i^it^X ^it<^M^mii^^<. W- 

mWixm^vticf)^. if^n^\^ Cr miti!^t\^xm^—:^Ti-^hn^i^^m-r^<^t:n 

HAZ<7)Bfe#^£:;^MttfJi^tt^l^±^-&^^^;i:^*t-So *^c. Ti. Nb. v. Zr. 

Hf. Ta (Dm^tm^-i. i^mmxmM.i^mm^tixhmMi^\^«mmc(D^^i)mM^ 

^"^^tl^^oM^^h^. d<DJ;57'.f^;f:Sr#SfcfetC{t. Ti:0.03%£A±. Nb : 0.03%iii. _h . 
V : 0. 02%£X±. Zr : 0. 03%ii;±. Hf : 0. 03%U±. Ta : 0. 03%Si±. ^^^^ 
iV-a W-rS::t;6^^f ^UV^o — Ti:0.15%. Nb:0.10%. V : 0.10%. Zr : 0.10%. 
Hf : 0. 20%. Ta : 0. 20%^M;t^"^*ft . Wi^mWltl^. mi^^^it^^^o CK^fcJ?). 
Ti:0.15%^T. Nb:0.10%ii;T. V : 0. 10%£i.T> Zr : 0. 10%>StT. Hf : 0. 20%]^ 
T. Ta : 0. 20%£;T{-^tV^tU|5S^-r'5di:;6S$f ^UV^o 'fe*3.J;!90*U<f*. Ti:0.03 
~0.12%. Nb:0.03~0.08%. V : 0. 02~0.08%. Zr: 0. 03~0.08% . Hf : 0. 10~0. 18%. 
Ta : 0. 10~0.18%T*^5o 
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^U<{4 0.03~0.07%-efe5o 

Ca : 0. 010%4^ZT, Mg : 0. 010% iJi. T . REM : 0. 0 10% gi. T . B : 0. 010% i^i. T O 

Ca, Mg. REM, B « . -f ^ ^T;!3P X14 . iligc^it I- ^3 5 ^ ^^jt <4 Fr] 

^^#^fcfctC{i, Ca : 0.0005%ii;±, Mg : 0. 0010% , REM: 0. 0010%i^A_h , 
B : 0. 0005%a-b. ^tl^tl^^ir ^ ^ t t^fti-^ L-V^, — Ca : 0. 010%. Mg : 
0.010%, rem: 0.010%, B : 0. 010%^m^X^^-f-^tUXlfi'^^ tVX^^l.^ 
-r<jic5fci61f:fe'[4o^MI::> ?SH4cO'(£T^^*U</^5o :L<Dfz.^, Ca : O. 010%iii.T. Mg : 
0. 010%^Ji>T, REM : 0. 010%i^>^T> B : 0. 010% ^ T ^ ^ ^tb Pl^i" S ^ i ^ 

fflji 0. 005~0. 0030%-Cfc5o 
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^=i:7;^-/vHVc^if<75:&?ft •^^;{f^r^M^ii^ii> {t:^:7'7:^b.^@SW^{i.. If ^ 



65mm X^JI¥ 5.5mm Olll @ « #31= ^: UfCo . stW^^ ^J^UfCo 

( 1 ) 5135^^ 
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(2) v-^/V f — W^l^il 

#ej^x/caS JIS Z 2202 bX V y i/5^K®^>T- 

5.0mm) frJfe^U. JIS Z 2242 til ipM b T ^ /V t° — ^ H 

JSu. -40t:t^*;{t 5Kilx^^/v^— V E_4o (J) ^^fe, #*^$3't4^l¥iiifi u 

(3) ^^;«f;^M:fcK^ 

"^hiVtcmB Mm^i^^. ^ 3 mm X lis 25mm X ^S: $ 50mm (DM-k^^)! ^ 
fifibfco mk^^\-^. bi^ U^-:f^iC'^W^tltc S.OMPa (D^m.^ ^^M^ 

(4) m^t!^ft^:fjMkMtinm. 

n^tif^WtUMm^t^(b. 4M^ifn^}i ^ : 4mm Xilig 15mm X 

^ ^ 115mm) E F C No. 17 t^^P^ Ufc 4 .^^if^^-^MM IffiS 

iti^it^timkmriii^wmL'tio mmi^tLnmmn. 5%Naci+NaHco8^^(p 

H : 4.5 )i io%H2S+co2 ^-a-;^";^ u^^e^as b^^^fro fco 'f^;Jjp^&;^ 

Ys i n^mm}^ 720 ^^i: ?«t»f<^*ii^ay^bfcio as u fc 

(5) u ^\fit^:f3mk.MtiP^m. 

#t>iLfc:i^g *S#iW^*t>ff ^ 4mm XiH 15mmXS^ 115mm (DUB-mMU^ 

n^mmu'^'p^Wi^. m ^ —i^^^-t^ o i3oot:-ei# 

UWLtc^ SOCC^i^e 500°Ct.X'<Dlf^&mmt'^ 9#i: ^cC^ J; 9 t^^j^^T' 100°C^ 
T^X}^mi- 1 t . 450t:i:- 180 #^^^^1" ^ M 2 y< ^ fj: ^ . H A Z 

/I' # ^ (D >!■ * "1^ 31?: ^ b . 1? ^ 2mm XtS 15mm X :S: ^ 75mm <DU 
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8mm T-Ui$:M(wfttf , f § i b fCo t^i Pb^ « 168 NfP^ 

t bfco bfcM:$;m^{i. ■■ loot;. CO2 JE : O.lMPa . pH : 2.0 O 5 % 

v^^-a-^o i bfdo # btLfc^m^^ 2 - 1 . ^2-2ic^-r„ 

;*:^pj^J«v^-f tbt>> ^^#f^^S^Jfi-r-t?fe< HAZ o iGSCC ^^±-t^:it 
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1 . mass%1:\ 

C : 0. 0100%7|^^. N : 0. 0100%7l^i§. 

Cr : 10~14%. Ni : 3~8% 

TIE (1) ^CT'^^$tu-5 Csol i)^ 0.0050%^m^M&-t^ ^ Oi^. ^^ir^m. 

15 

Csol=C-l/3X Cpre (1) 

Cpre = 12.0 {Ti/47.9+1/2 (Nb/92. 9 + Zr/91. 2) +1/3 (V/50.9 + Hf 
/178. S+Ta/lSO. 9) -N/14. 0}^ 
C. Ti, Nb. Zr, V, Hf, Ta, N : #7C^O"a^* (mass%). 
fj:iS^ Cpre< 0 O^-^ii. Cpre= 0 



2. tfifB^^;iSv mass%"T?^ 

C : 0. 0100%*^. N : 0. 0100%7i5Tffi. 

Cr : 10—14%. Ni : 3~8%. 

Si : 0. 05~1. 0%, Mn:0. 1~2. 0%, 

P : 0. 03%i^XT. S : 0. 010%ii>tT. 

Al : 0. 001~0. 10% 

^hKCu: 4 %£iT. Co : 4 %&.T. Mo : 4 %&.T. W : 4 %j^i.TO 9 
jlf^tlfc iaXfi2aij;Ji. iSiU^s Ti : 0. 15%ii;T. Nb : 0. 10%i^T. V : 0.10% 
}^T. Zr : 0. 10%&<T. Hf : 0. 20%^T. Ta : 0. 20%£AT<^ 5 "b^^ balf^tbfc 1 
tci-i2m!^±^. tulB (1) ^-e^^^^^^Csol 0. 0050%*#|^#S^i-act 5 l-x 



3 . pjfBiafifef-^P^T mass%X% Ca : 0. 010%:E;T. Mg : 0. 010%ii>LT. REM : 

0.010%J^T. B : 0. 010%£jLTO5 *jd^b5Um/clSmfcl*2aiii±^^^-ra:i 
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4. 



C : 0.0100%7i^i§, 



N : 0. 0100%7|?M> 



Cr : 10~14%. 



: 3~8%. 



Si : 0. 05~1. 0%^ 



Mn : 0. 1~2. 0% 



P : 0. 03%&i.T. 



S : 0. 010%iiXT. 



Al : 0. 001~0. 10% 



V : 0. 02~0. 10% 



Ca : 0. 0005~0. 010% 

^-s^. ^hKCu: 4%&.T. Co: 4%UT. Mo: 4%SXT. W- A%^T(Oo'ht> 

b3gf^tbfci«xf±2a£;ji^. Buis (1) ^T-^^^tv5.Csoi ifi o.ooso%^m^ 

5 . tutfim^t-;!30X.T $ ^ tC, inass%7? Ti : 0. 15%£XTx Mb : 0. 10%^Ts Zr : 0. 10% 
Hf :0. 20%i^T. Ta : 0.20%^T<^ 5 ■^^^balf^tLfc lilX{i2ai^Jb^-g-^ 
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2< 



e-<>;ajt:1300°C(ls^^J#) 




800-500°C(7);-t4nB#.rHl : 9s 
450°C X 1 80s 
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iSI^>n(Jl^ :2.0mm. iH :15mm) 
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